Attempts to transplant the kidney experimentally began in earnest in 1902 when Ullman reported the first successful experimental organ transfer using Payr's cannulae to achieve vessel anastomosis. The same year, Carrel described his 'vascular patch' which, since that time, with some minor modifications, has been used for revascularizing organ transplants. In 1905, Floresco grafted organs orthotopically. Subsequently hejoined them to the femoral vessels and obtained good urine flow through a cutaneous fistula.
Attempts to transplant the kidney experimentally began in earnest in 1902 when Ullman reported the first successful experimental organ transfer using Payr's cannulae to achieve vessel anastomosis. The same year, Carrel described his 'vascular patch' which, since that time, with some minor modifications, has been used for revascularizing organ transplants. In 1905, Floresco grafted organs orthotopically. Subsequently hejoined them to the femoral vessels and obtained good urine flow through a cutaneous fistula.
The original technique in humans was to anastomose the donor renal vessels to the femoral vasculature and to bring the ureter as a cutaneous ureterostomy. In 1955, nine kidney transplants were reported between nonidentical donors and recipients. Despite the lack of tissue typing and immunosuppression, four of these grafts functioned for between 30 and 120 days.
In parallel with the development of techniques for vascular anastomosis and transfer of organs, there was rapid development of transplantation immunology. A new era followed the experiments of Medawar and his associates who clarified the mechanisms of immunological rejection. It was not long before irradiation and antimetabolites, which showed promise in animal experiments, were applied to man to reduce rejection. In 1959, whole body irradiation to a recipient afforded the first prolonged survival of a kidney allograft.
Current status Clinical renal transplantation is now an accepted and standard form of treatment for patients with chronic renal failure. Since 1963, 25 108 kidney transplants have been registered with the American College ofSurgeonsjNational Institutes of Health registry. In the United Kingdom 600 transplants are undertaken annually. Of transplants carried out in this country and Europe, 10% are from living related donors. In the United States this figure approaches 40-50 %. although the introduction of health care programmes has increased the number of cadaver transplants. However, in Australia only 2 %of transplants are from living related donors.
Most rejection episodes and most recipient deaths occur in the first two years after transplantation. although later complications do occur. Results from the transplant registry show two-year survival with a functioning transplant to be 74 % after a sibling kidney transplant, 68 % after receiving a kidney from a parent, and 47 % after cadaver kidney transplant. Individual units, with wide experience, or rigid criteria for accepting patients, or insistence on using only 'beating heart' cadaver kidneys, report better results. Patient survival is considerably better and the corresponding survivals at two years are 83 %, 81 %and 64 %.
During the past few years; functioning-kidney survival has not improved and this reflects the lack of progress in overcoming rejection. Despite this, results are comparable to, or better than those obtained in the treatment of many of the major cancers and, moreover, many of the patients are young adults with dependants. In contrast, patient survival has consistently improved, probably because of the early abandonment of failing transplants, before the effects of excessive immunosuppression supervene. This policy is encouraged by the good results of second and subsequent transplants.
With increasing experience, transplantation is being offered to a wider group of patients with renal failure. Transplantation in patients with metabolic and systemic diseases is increasingly common and the recent reports for diabetic patients show that the procedure is worthwhile in this group (Najarian et al. 1973) . Certain groups of patients have a better prognosis; for example, those with renal cystic disease, and although some diseases recur in the transplant (amyloid, a dense deposit disease), they do not necessarily impair renal function significantly.
Cadaver kidneys
The ful1 potential of transplantation surgery is at present hampered by the lack of donor organs. Some 600 kidneys are transplanted each year in Britain. There are 1200 patients (the majority between 30 and 50 years) on file awaiting transplantation and it is estimated that 2500 patients could benefit from transplantation annual1y. Even a proportion of the annual 6000 fatal road traffic accidents, let alone those patients dying of cerebrovascular disease or cerebral tumours, would total1y satisfy the transplantation needs of the country. Donors must be free from systemic infection or extracerebral malignant disease.
Because of the shortage of kidneys, there is no doubt that units use kidneys which in a more affluent situation might have been turned down. It has been shown that 17% of kidneys transplanted in this country never function, many because of excessive warm ischaemia (Nelson & Tovey 1974) . In the United States and some parts of Europe, primary failure due to ischaemic damage is very rare, since the public has accepted the concept of brain death and most kidneys come from patients with irreversible complete brain damage but an intact circulation.
There has been much philosophical argument about the diagnosis of death and the situation has been well illustrated by the Medawars (1977):
'Being alive is a system property, i.e. a characterization that can be attributed only to an organized system. This does not mean, however, that parts of such a system may not also enjoy the same property, for it is characteristic of living things that they are hierarchical1y organized; thus societies are made up of men and women, and individual human beings are made of organs which have a certain wholeness and functional unity of their own. Organs and tissues in their turn are composed of cells which also have a high measure of autonomy. It is perfectly understandable that a society should die -that is disintegratebefore any of its individual members and that a human being should die before one or other of his organs -e.g. the kidney -has lost its capacity to work in another human being as it did in the original owner. Transplant donation would be impossible but for this dispensation. ' It is now agreed that permanent functional death of the brainstem constitutes brain death and once this has occurred, further artificial support is fruitless and should be withdrawn. There have been several useful guides detailing the criteria for this diagnosis but it should particularly be suspected when the patient is deeply comatose, or when spontaneous respiration has become inadequate and assisted ventilation is required (Forrester 1976 ). The diagnosis is based on the absence of all brainstem reflexes and it is customary to repeat the tests to ensure that there has been no observer error. It is wel1 established that spinal cord function can persist despite irretrievable destruction of the brainstem. Indeed, spinal reflexes may persist or even return after an initial absence. Hypothermia is not common in these patients but it is .
recommended that body temperature is not less than 35°C when testing for the diagnosis of brain death is undertaken. Electroencephalogram is not necessary for the diagnosis and there' is now clear consensus of medical opinion on the requirements for such a diagnosis. It is hoped that this will put an end to the confused thinking and inadequate expert advice that has punctuated public comment.
The diagnosis can usually be made by experienced clinicians, particularly in the intensive care unit and accident ward where most of these patients will be situated. The decision to withdraw artificial support should be made either by the consultant in charge of the case and one other doctor, or, in the absence of the consultant, a deputy who should have been registered for at least five years (Annals of the Royal College ofSurgeons 1977).
A survey of public attitudes to renal transplantation showed that 80 %of those questioned had no objection to it, yet only 4.4 %had completed a donor card. The main reason why many did not carry the card was the fear that organs might be taken before they were really dead (Moores et al. 1976) . Uncertainty in the minds of doctors about brain death may be a reason for this. Certainly, the willingness of the community to cooperate has not been fully developed to anything remotely approaching its full potential.
Paediatric renal transplantation
There is little doubt that transplantation can be used successfully in children above the age of 5 years and that survival is probably better than in similarly treated adults.
Data for the numbers of children who die each year from chronic renal failure are very incomplete, but it is of the order of three per million. Using current criteria, one-third of these are probably suitable for transplantation. In this country at present approximately 21 children are accepted for treatment (O.4jmillion population) which is well below the estimated need (Cameron 1973) .
Live donor parent grafts give better results at all ages -approximately 60 %functioning at three years -but more surprising is good functional survival in children aged 0 to 5 years where 53 %of grafts were functioning at three years. Results ofcadaver grafts in this particular group are not satisfactory, only 15%functioning at three years. Half of the children receiving cadaver transplants are dead by three years. However, the results of units more experienced in treating children are significantly better (Belzer et al. 1972) , and if success is measured by survival of the patient, children above the age of 5 years undergoing all forms of transplantation achieve greater success than any adult age group. The long-term survival of a child with a transplant remains in doubt, but despite this approximately 1700 transplants have been undertaken in children below the age of 16 years.
The quality of life achieved is difficult to quantify and it is this aspect that is used to question the value of transplantation in children. However, 80 %of transplanted children return to full school activity. Severe problems remain, particularly regarding bone disease, sexual motivation and psychological adjustment (Francis et al. 1970) . Insurvivors, problems ofgrowth are dominant; children with bone ages over the age of 12 years may hardly grow at all and girls seem particularly prone to excessive weight gain with the increase of stature. Surprisingly, this bears little relationship to the dose of steroids used for immunosuppression, at least in the first year or two after transplantation; observation of the occasional patient not given steroids, who does not grow, indicates the complexity of the problem (Fine et al. 1972 ). The problems associated with paediatric renal transplantation can be resolved only by the passage of time and a great deal of careful investigation. Many of the children currently being treated should be alive to benefit from the technical and immunological advances which are currently being developed in the laboratory (Fabre 1976) . At the present time results for treating paediatric renal failure are superior to the treatment of all childhood malignancies including leukaemia.
Immunosuppression
Whilst the survival of patients receiving cadaver renal transplants has steadily and significantly improved, functioning-graft survival has not changed for several years. This results from the high incidence of rejection and the lack of any significant change in immunosuppressive regimes for the past decade. Prednisone and azathioprine, with all of their attendant problems, are still the cornerstones of immunosuppression. In experimental studies heterologous antilymphocyte serum (ALS) is the most effective agent for the abrogation of cellular immunity. The remarkable ability of ALS to suppress allograft rejection in both small and large animals has generated much enthusiasm for its use in clinical transplantation. Unfortunately, despite its use for several years as an adjuvant immunosuppressive, its clinical effectiveness is still not established. In the United States, of 100major centres, 67%used it and half of these thought it to be beneficial (Monaco et al. 1977) . The few controlled clinical trials of the agent have given equivocal results (Launois et al. 1977) .
Other agents have also been studied recently. The importance of vascular changes in graft rejection is well established and agents affecting platelet function have been investigated. In experimental allografts, sodium salicylate, acetysalicylic acid, heparin and dicoumarol all prolong graft survival. In clinical studies, dipyrimadole improved vascular lesions, but did not improve results. Cyproheptadine is a safe antihistamine with antiserotonin activity and appears to be a useful drug when used in combination with conventional treatment (Rattazzi et al. 1977) . The antihelminth, niridazole, has been shown to prolong skin allograft survival in rodents and it is immunosuppressive in man. However, side effects are common and current studies are directed to finding a nontoxic, immunosuppressive metabolite (Salam an et al. 1977) .
Because of the complications of pharmacological immunosuppression, the search for a specific form of allogeneic unresponsiveness that does not interfere with the remainder of the host's immunological defences is the central goal of transplantation research. The dividing lines between classical tolerance, enhancement and blocking have become increasingly tenuous. Although the classical experiments of Billingham et al. (1955) on neonatal tolerance demonstrated the principles involved, approaches which may be more clinically relevant utilize irradiation and bone-marrow transplantation. Other approaches to specific unresponsiveness involve the use of antisera against tissue incompatibility antigens, but more experimental work is needed before these techniques can be applied routinely to clinical practice.
Inadvertently, clinicians may have stimulated a degree of unresponsiveness by the use of blood transfusions. Originally it was feared that transfusion might presensitize patients and so decrease the likelihood of a successful subsequent transplant. for it has been shown that sensitized patients have a distinctly lower transplant survival rate (17 %at one year) than those who are not sensitized (59 %at one year). However, Opelz et al. (1973) have suggested that transplant recipients who have received blood transfusions have a better chance of successful grafting than those who have never been transfused. More recently, Fuller et al. (1977) have shown that frozen blood is just as effective in promoting graft survival, but the incidence of sensitization is only 4.8 %compared with 50%after whole blood. When the beneficial effects of transfusion and the detrimental effects of sensitization are combined, the theoretical chances of a successful graft at one year are 27%for those receiving no blood, 34%for those given whole blood, and 57% after frozen blood. Further studies to determine the effects of different numbers of transfusions and the timing and relationship to grafting are required.
The mechanisms involved in these observations are not clear. Originally, it was thought that some individuals are indiscriminate responders and others nonresponders and transfusion was acting as a sorting mechanism to identify these groups. The alternative possibility of specific immunological enhancement is more attractive.
Tissue typing
The major problems bedevilling successful kidney transplantation are immunological. Unfortunately, graft survival in transplants is only predictable in monozygous twins or HLA-identical sibling donors from live, closely related individuals. Unlike HLA-identical siblings, unrelated individuals found to be HLA identical for the four HLA antigens are unlikely to be found to be identical for all the other polymorphic antigenic systems controlled by the major histocompatibility system. Current data suggest that good matching confers a small but significant benefit and this advantage is more obvious in particular patients, for example, those with cytotoxic antibodies (Festenstein et al. 1976) . Other tests, like mixed lymphocyte culture, cell-mediated lympholysis and the measurement of lymphocyte dependent antibody test are being evaluated for their ability to predict graft acceptance.
Diagnosis of rejection From a clinical standpoint, rejection may be hyperacute, acute or chronic. Hyperacute rejection commences within a few minutes or hours of transplantation. The kidney becomes blue and flaccid and the diagnosis can be confirmed by renal biopsy. Attempts to reverse hyperacute rejection have been uniformly unsuccessful. It probably results from preformed cytotoxic antibody and the incidence has been lowered by assessing the presence of preformed cytotoxic antibody and direct crossmatch tests. However, recent work suggests that the crossmatch over-diagnoses sensitization, for in many cases of positive B-cell crossmatch, successful transplantation may ensue (Ettinger et al. 1976) .
Acute rejection occurs within the first 3 to 4 months after transplantation. Reversal of acute rejection can be brought about by treatment with large doses of intravenous or oral prednisone. A large number of techniques have been used to detect acute rejection. In the immediate postoperative period, if the kidney is nonfunctioning, the differential diagnosis usually lies between acute tubular necrosis, rejection and renal artery thrombosis. Newer scintiscanning techniques offer a relatively simple method of establishing blood flow. Some of the methods available for diagnosis of rejection in an initial anuric phase are renal biopsy and 12.5I-fibrinogen uptake (Salaman 1970) .
With functioning kidneys, the problem is easier and there are a variety of techniques available for predicting rejection (Wood & Bell 1976) . These tests may be based on either immunological changes occurring during rejection or biochemical changes following renal damage. However, the value of predicting rejection in advance of biochemical and clinical criteria remains unproven. It wil1 only be worthwhile ifit reduces the incidence and sequelae of rejection.
Economics
It is generally accepted that successful renal transplantation as a routine therapy for end-stage renal failure has various medical advantages over chronic haemodialysis. The economic problems faced by government require optimal allocation of funds in different public spending areas. Comparison of costs of different methods of treatment for chronic renal failure show considerable differences in favour of transplantation.
Although cost factors vary considerably in different centres and in different countries, there is no doubt that a successful kidney graft is the least expensive. In the United States an uncomplicated case can be undertaken for between £8000 to £11 000 (including donor and short-term dialysis expenses). The initial year's cost for in-centre dialysis may run from £8000 to £16000, excluding multiple hospitalizations if complications occur. These high costs continue through the ensuing years, whilst follow-up costs for a transplanted patient are minimal. Home dialysis is considerably less expensive than hospital dialysis after the initial purchase and installation of equipment and training. However, the continuing costs exceed those for transplantation. For both dialysis and transplant patients, costs can become astronomical when complications develop (Woods 1976) .
In Holland (Schippers & Kalff 1976 ) renal transplantation, including twelve months of postoperative care, requires £10 000, whereas one year ofchronic in-centre haemodialysis costs £15000. The cost of treatment ora patient with a well-functioning graft does not exceed £1500 per year. There have been few comparative studies in the United Kingdom, but unpublished data (Parsons & Glass) estimate a successful transplant operation to cost £1750 with monthly maintenance costs of £100. In home dialysis, capital costs average from £5000 to £6000 with additional monthly maintenance of £500. The monthly costs of hospital dialysis is £900. Such data demonstrate the enormous economic advantages of transplantation and together with the medical advantages, should be sufficient reason to promote transplantation.
